Cell size and geometry of spinal cord motoneurons in the adult cat following the intramuscular injection of adriamycin: comparison with data from aged cats.
Adriamycin (ADM), an antineoplastic antibiotic, when injected intramuscularly, is taken up by motoneuron axonal terminals and retrogradely transported to the motoneuron soma where it exerts its neurotoxic effect. In the present study, ADM was injected into the hindlimb muscles of five adult cats. Measurements of the electrophysiological properties of the lumbar motoneurons innervating these muscles were obtained using intracellular techniques. Based upon these data the equivalent cylinder model of motoneurons was employed to evaluate ADM-induced changes in cell size and cell geometry. The size of cell somas in the ventral horn was also measured using light microscopy and computer imaging software. There were significant increases in the membrane time constant (25%) and input resistance (50%) in motoneurons whose muscles were treated with ADM (ADM-MNs) compared with data from control motoneurons (control-MNs). The increase in membrane time constant is attributed to an increase in membrane resistance; the increase in input resistance appears to depend upon both an increase in membrane resistance and a decrease in total cell surface area. Cell capacitance, which is proportional to the total cell surface area, was significantly reduced (15%) in ADM-MNs. Calculations based on cable theory indicate that while there was no significant change in the length of the equivalent cylinder for ADM-MNs, there was a significant decrease (17%) in the diameter of the equivalent cylinder. These data indicate that there is a decrease in total cell surface area which can be attributed to the shrinkage of branches throughout the dendritic tree. There was also a small (7%) but statistically significant decrease in the electrotonic length of ADM-MNs. Morphological analysis also revealed that the mean cross-sectional area of the somas of those ventral horn neurons which are likely to correspond to the motoneuron population was significantly reduced on the ADM-treated side compared to that of neurons on the control side. We conclude that significant geometrical changes were induced in lumbar motoneurons of adult cats after ADM was injected to their muscles. In old cats, spinal cord motoneurons exhibit similar patterns of changes in their electrophysiological characteristics which have also been suggested to be correlated with changes in cell geometry. The question then arises as to whether the response of motoneurons to ADM and the aging process reflects a stereotypic reaction of motoneurons to a variety of insults or whether the response to ADM mirrors specific aspects of the aging process.